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•Before ships can
be repainted, rust
must be removed,
which costs $$$

•Determine the effectiveness of each protein at inhibiting
corrosion and adhering to high-strength steel and structural
aluminum alloys
• Examine the effect of crosslinking on the performance of the
proteins

40°C, 100% relative humidity
Control

0.5mg Pure Mefp-1

8 hours

•Test different formulations of proteins/polypeptides to obtain
an optimal formulation for flash rust inhibition

•There is a need for an environmentally
friendly corrosion inhibitor that can promote
the adhesion of subsequent coatings.

•Proteins from marine organisms such as the blue mussel
Mytilius edulis have been shown to inhibit the corrosion of
stainless steel1
•These proteins contain an amino acid, L-dopa, which confer
two unique properties to the protein:

Table 1: The various marine proteins considered in this research2,3,4,5,6,7,9,10
Protein

Source

Molecular Weight (Da)

% L-Dopa

Mefp1

Mytilius edulis

110,000

13%

Mefp-2

Mytilius edulis

45,000

3%

Mefp-3

Mytilius edulis

6,000

21%

Mefp-4

Mytilius edulis

80,000

5%

Mefp-5

Mytilius edulis

9,500

27%

Mn-1

Mogula manhattensis

390-450

40%

Sp-1

Styela plicata

670

60%

19 hours

48 hours

Cyclic Potentiodynamic Polarization
In an electrochemical cell, the sample is
polarized anodically (encouraging corrosion)
until coating fails
L-Dopa

•Mass loss and total charge passed data can be collected
•Shape of the curve can give much information
•Corrosion current can be estimated

•Polypeptides from the sea squirts Mogula manhattensis
and Styela plicata will also be investigated. These polypeptides
are much smaller than the proteins from Mytilius edulis, but
they have a higher L-dopa content

Several different treatments were applied to
HY80 steel and Al 5083 alloys
Cyclic potentiodynamic polarizations were run
on samples in triplicate
Results:
•Free L-dopa minimally effective on
HY 80, not on Al

-Chelation: L-Dopa forms strong bonds to metal ions, allowing it to adhere strongly to a
metal surface and inhibit corrosion
-Crosslinking: L-Dopa can participate in enzymatically catalyzed reactions that knit
together separate stands of protein, creating a barrier to ionic diffusion

•Likely due to lack of adhesion of nonprotein bound L-dopa

Mass loss of HY 80 steel after cyclic polarization

•Enzyme used renders L-dopa
ineffective as a corrosion inhibitor
Sample Cyclic Polarization Curve of HY-80
steel
Corrosion current estimated from cyclic
polarization of HY80

Sample EIS data from untreated HY80 steel

Mogula manhattensis

0.8mg Unpure Mefp-1,2 and 5

Mytilius edulis
•Mefp-1 has a repetitive amino acid sequence
of Ala-Lys-Pro-Ser-Tyr-Hyp-Hyp-Thr-L-Dopa-Lys, giving it
many possible attachment methods besides L-dopa (e.g.,
H-bonding). It has a random coil conformation which
maximizes the availability of adhesive functional groups.

Electrochemical Impedance Spectroscopy
An AC voltage is applied to an electrochemical
cell, and the amplitude and phase angle of the
response are measured. Gives information
about electrical double layer and coating
permeability.
•Non-destructive
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• When old paint is stripped from the hulls of
ships, rust can quickly form on any exposed
metal surfaces
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Mass loss of aluminum 5083
after cyclic polarization

